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Objectives. The purpose of this stualy was to determine whether
infarct-related coronary artery patency influences wyocavdiil
electrical stability as measured by the prevalence of late potentials
or heart rate variability .
Background. Several studies have suggested that loss of vagal
activity Is associated with an increased incidence of arrhythmic
death after myocardial infarction .
Methods . A short-duration, high resolution electrocardiogram
(ECG) was performed before hospital discharge in 175 patients
with a first myocardial infarction . Seventy-three patients received
thrombolytic therapy . All patients underwent coronary angiogra-
play. Coronary occlusion was defined as minimal or no antero-
grade flow . Eighty-eight patients (50 .3%) had an occluded infarct-
related artery . Sixty-two healthy subjects served as control
subjects to determine the normal range of heart rate variability .
Results . Comparison between the control group and patients
It has been known that the vagal and sympathetic nerves to
the heart are important in the regulation of heart rate and
rhythm (1) . Although it is well accepted that the autonomic
nervous system can promote, precipitate or prevent the
development of cardiac arrhythmias, the mechanisms are
not completely understood (2) .
Approximately 10% to 15% of patients surviving acute
myocardial infarction will die within I year (3), and most of
these deaths will be due to the occurrence of a malignant
ventricular arrhythmia (ventricular tachycardia or fibrilla-
tion, or both) . Despite considerable improvements in risk
stratification after myocardial infarction, the identification of
patients who are at risk for sudden or arrhythmic death
remains imprecise . Attempts to identify those patients who
will experience sudden death from results of ambulatory
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without patency of the infarel-related artery in the time domain
and spectral analyses revealed in the latter patient- a reduced
heart rate variability (p < 0 .0001) and a lower power spectrum
density !it both the 0 .05- to 0 .15-Hz band (p < 0.0001) and lite
0,15- to 0.35-Hz band (p < 0.0001) . The heart rate variability
in patients with late potentials was lower than in those with a
normal signal-averaged ECG . Those patients with spontaneous or
thrombelysis-induced reperfusion have less occurrence of late
potentials and higher parasympatheNc activity than do patients
with a closed artery .
Conclusions. This study suggests that the patency of the
infarct-related artery determines both the absence of late poten-
tials and the preservation of vagal tone and may explain the
reduction in mortality induced by thrombolytic therapy in myo-
cardial infarction .
(J Am Coll Cardiol 1993,22 :695-7J6)
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electrocardiographic (ECG) monitoring, assessment of left
ventricular function and exercise testing have proved disap-
pointing. Although programmed ventricular stimulation is
the single best test for the prediction of late ventricular
tachyarrhythmias and sudden death after myocardial infarc-
tion (4), most centers have been reluctant to use this method
to screen infarct survivors for evidence of ventricular insta-
bility because it is invasive and expensive, and they are
apprehensive about its safety . Furthermore, only a small
proportion of patients in the reported studies (5) were found
to be at risk, suggesting that stratification on the basis of
other risk factors could be used to diminish the proportion of
infarct survivors requiring electrophysiologic testing . Signal-
averaged high resolution electrocardiography is used to
identify late potentials in the terminal portion of the (SRS
complex o.,.*the ECG. These potentials, which are believed to
arise in areas of abnormal myocardium that are activated
late, have been shown to be useful predictors of future
arrhythmic events in postinfarction patients (6) . Even
though the absence of late potentials appears to be a good
predictor of a satisfactory outcome, it has a relatively low
positive accuracy for future adverse clinical events
. Re-
cently, several studies (7,8)
have reported that impaired
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heart rate variability, alone or in combination with late
potentials, may be of prognostic value in survivors of
myocardial infarction. Heart rate variability is a useful index
of autonomic activity (9) . Abnormal autonomic function is
known to predispose to arrhythmogenesis in both clinical
and experimental situations (10,11), whereas the presence of
late potentials on the high resolution ECG is a marker of the
anatomic substrate for ventricular tachyarrhythmias (12) .
It has been established that in patients with acute myo-
cardial infarction, thrombolysis decreases mortality (13),
with a reduction in infarct size (14) and preservation of left
ventricular function. Those patients in whole thrombolysis
has been successful have had a lower rate of inducibility of
sustained ventricular tachycardia in an electrophysiologic
study (15,16) and a lesser frequency of premature ventricular
complexes on a 2441 l1olter ambulatory ECG (17) . One
possible explanation for the improved survival rate is the
benefit of achieving and maintaining a patent infarct-related
artery. Pooled data from a number of clinical trials have
confirmed the importance of vessel patency on rate of
survival .
Recent studies have shown that the incidence of late
potentials is decreased by successful thrombolytic therapy (a
patent infarct-related artery), and this reduction is indepen-
dent of infarct location and left ventricular function (18,19) .
These data imply that reperfusion of an infarct-related artery
has a beneficial effect on the electrophysiologic substrate for
serious ventricular arrhythmias that is independent of
change in left ventricular ejection fraction as an index of
infarct size (19) .
The present study evaluated the relation between occlu-
sion of the infarct-related artery and the presence of im-
paired heart rate variability (as an index of increased sym-
pathetic activity or decreased vagal tone, or both) in a
consecutive series of patients with a first acute myocardial
inf 'ion .
Methods
Study ts. The study group comprised 175 consecu-
tive patients who had a first myocardial infarction and were
admitted to the hospital between March 1991 and May 1992 .
In all patients the diagnosis of acute Q wave myocardial
infarction was confirmed by both serial ECG and serum
enzyme changes .
Among them, 73 patients admitted within 4 h after the
onset of symptoms were treated intravenously with strep-
tokinase (1 .5 million U). The remaining 102 patients received
conventional therapy because of their late arrival to the
hospital or contraindication to thrombolysis . Patients with a
history of autonomic neuropathy, atrial fibrillation, atrial
flutter or any other ectopic rhythm that precluded analysis of
heart rate variability were excluded . Patients with intraven-
tricular conduction abnormalities were also excluded . All
patients gave informed oral consent for their participation in
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the study, as approved by our Institutional Committee on
Research .
We also studied a control group of 62 apparently healthy
sedentary volunteers to determine the range of normal heart
rate variability with our system. None had any known
disease or were taking regular medications . All had normal
results on physical examination and a normal 12-lead ECG at
rest. The control group was selected to match the age and
gender of the postmyocardial infarction group .
Coronary angiography. All patients underwent coronary
angiography a mean of 14 .3 ± 5 .7 days (range 4 to 20) after
myocardial infarction . All angiograms were reviewed by
physicians who were unaware of the results of the high
resolution ECG and who determined the perfusion status of the
infarct-related vessel according to the Thrombolysis in Myo-
cardial Infarction trial classification (20) . Coronary occlusion
was defined as grade :s I (minimal or no anterograde) flow .
Signal-averaged electrocardiography . Signal-averaged
ECGs were recorded during sinus rhythm a mean of 13 .2
5.7 days (range S to 42) after myocardial infarction . A
commercially available system (Del Mar Avionics, model
183 CEWS) was used . The method used for time domain
analysis was described previously by Simson (21) . The high
pass litter was set at 25 and 40 Hz, and a minimum of 250
beats were averaged to achieve a noise level <0.4 AV. Late
potentials were considered to be present, as recommended
by the European Society of Cardiology, the American Heart
Association and the American College of Cardiology (22), if
any two of the following criteria were present : at the 25-Hz
filter setting, the filtered QRS cc - !ex was > 114 ms, the
root-mean-square voltage during the last 40 ms of the
filtered QRS complex was <25 r .V and the duration of the
filtered QRS complex was >32 ms after voltage decreased to
<40 AV; at the 40-Hz filter setting, the filtered QRS complex
was > 114 ms, there was <20 AV of signal in the last 40 ms
of the vector magnitude complex and the terminal vector
magnitude complex remained <40 AV for >38 ms .
The frequency domain method (spectrocardiography), as
described by Kelen et al . (23), was performed as spectral
analysis on the Del Mar Avionics CEWS 183 system using
software to generate adjacently drawn frequency plots of
relatively short, consecutive and overlapping segments of
ECG signals spanning the entire QRS region and ST segment
from the three bipolar signal-averaged surface leads . Each
segment is analyzed by a 64-point fast Fourier transform .
Because of the three-dimensional nature of the spectral
information, three-dimensional plots are constructed on the
basis of time, frequency and power spectral density, with
power spectral density always plotted as the vertical scale .
Spectrocardiography is fundamentally different from other
frequency domain analysis techniques in that it does not
seek to detect or measure late potentials . All calculations
and measurements are made for micropotentials through the
entire QRS complex . Furthermore, no assumptions are
made as to whether abnor- :Iality is represented by high or
low frequencies anywhere in the QRS complex . The hall-
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mark of arrhythmogenic abnormality was hypothesized io be
frequent and abrupt changes in the frequency signature of
the QRS wave front velocity as it propagates throughout the
ventricle, around areas of abnormal conduction, resulting in
a high degree of spectral turbulence .
Mart rate variability . All patients in sinus rhythm under-
went heart rate variability analysis during the 8 min of ECG
acquisition for late potentials with the De! Mlir Avionics
computer-based system. Time series comprising 256-s con-
secutive RR intervals without ectopic beats or heart . block
were selected. All recordings were made between 8:30 and
11 :30 AM, with patients in the recumbent position and
without antiarrhythmic treatment and, where possible, after
withdrawal, 5 lays before the test, of any drugs that have
been shown to influence heart rate variability .
In 58 patients, administration of a beta-adrenergic block-
ing agent (ruetoprolol, 50 pig daily) could not be stopped
before the study . A calcium channel antagonist (dilliazem or
nicardipine) was given to 27 patients during the study .
Heart rate variability information was extracted during
the beat-averaging process and was calculated in the time
domain as the standard deviation of the average of the RR
intervals of normal beats occurring during sinus rhythm (24)
and in the frequency domain using the fast Fourier transform
algorith .-a for power spectral analysis if heart rate (25,26) .
The time domain technique reflects the parasympathetic
component (7), whereas power spectral analysis evaluates
the different frequencies of the autonomic nervous system .
The tow frequency component (0 .05 to 0.15 Hz) reflects both
parasympathetic and sympathetic activity, whereas the high
frequency component (0.15 to 0.35 Hz) is modulated by
parasympathetic nervous system activity (9,24) . The ratio of
the low to high frequency power provides an index of the
balance between relatively low (predominantly sympathetic)
and high (parasympathetic) frequency heart rate fluctua-
tions .
Statistical analysis. Comparisons of continuous variables
between groups or subgroups were made by the Student I
test when their distributions were normal, and results are
presented as mean value ± I SD . Because power spectral
density did not follow a normal distribution, variables are
also expressed as a median value. Contingency tables were
analyzed using a chi-square test to study the differences
between groups in discrete clinical variables . The Pearson
correlation coefficient was used to examine the association
between heart rate variability and age . When appropriate,
hypothesis testing was done through nonparametric methods
(27) : Kruskal-Wallis analysis of variance in testing the con-
trol group versus the two acute myocardial infarction
subgroups (patent and occluded infarct-related artery) .
Individual paired comparisons (control vs . occluded, control
vs. patent, occluded vs. patent) were analyzed with the
Wilcoxon-Mann-Whitney rank-sum test . To determine
the ability of sons variables to predict the patency of the
infarct-related artery, a logistic multiple regression model
was developed . Results are displayed as the estimated beta
PIERkIOSILLO ETAI
,
697
Table 1 . Characteristics of & udy Patients Compared With
Control Sabjecls
Control Subjects All Group
Age
(yr) WF Total (%)
t,
Total (%)
3009 310 300 s0
10 0 .7f
4049 1212
14 (22.5) 3614
40 (22 .3)
50-59 10 17 (27.4)
50/2 52(29 .7)
60-69 1316
19 (30.6) 38111
49 (23 .0)
70-79 6/3 9 (14 .5)
1816 24(13 .7)
Total 50112 62
152/23 175
AMI = acute myocardial infarction ; F = female ; M = male .
coefficients and their corresponding odds ratios . They were
used to calculate the probability of patency or occlusion of
the artery according to the different combinations of the
independent variables (28) . Calculations were made using
the programs MULTUR (29) and Stata (30) ; p values < ON
were considered statistically significant .
ReSKS
Patient characteristics (Table 1). There were two study
groups . The control group included 62 normal subjects with
a mean age of 57 .0 ± 11 .1 years (range 31 to 78) -,80.6% were
men. The myocardial infarction group included 175 patients
with a mean age of 56.1 ± 10.9 years (range 30 to 79) who
were admitted with a first myocardial infarction ; 86.8% were
men. The site of infarction was predominantly anterior
(51 .4%). The groups were comparable according to the age
distribution by decades (Table 1) .
Patent versus occluded infarct-related artery (Table 2) .
During angiography, 87 patients (49 .7%) had a patent infarct-
related artery and 98 (50 .3%) had an occluded vessel . The
subjects with complete anterograde flow in the infarct-
related artery were similar to those with minimal or no
anterograde flow in age, gender, time from infarction to high
resolution electrocardiography, infarct location, previous
history of diabetes mellitus and treatment with beta-blockers
or calcium channel antagonists ; however, there was a higher
frequency of patent infarct-related coronary arteries in pa-
tients who received thrombolytic therapy (54.0% vs. 29.6%,
p < 0.002). Patints, with an occluded vessel had a greater
incidence of late potentials on the signal-averaged ECG .
Filtering at 40 Hz permitted the best identification of late
potentials in th . ,
se patients with minimal or no anterograde
flow .
Relation between patency of the infarct-relyted arftry and
vagal t me (Table 3) . There were statistical differences be-
tween the patient groups with and without patency of the
ipfarct-related coronary artery, pointing to a close relation
between coronary occlusion and impaired vagal tone .
The postmyocardial infarction group had a faster heart
rate (shorter mean RR intervals, p < 0 .005), reduced heart
rate variability, measured as the standard deviation (SD) of
the mean RR interval (p < 0
. 1), and lower power spec-
Table 2. Subject Characteristics at Time of High Resolution Electrocardiographic Recordings
trum density in both the 0 .05- to 0.15-Hz band (p < 0.000 1)
and the 0.15- to 0 .35-Hz band (p < 0.0001) compared with
values in the control group . Figure I shows the time and
frequency domain analysis of heart rate variability and the
signal-averaged ECG in a representative healthy subject .
Figure 2 shows the same graphs and recordings in a patient
with myocardial infarction and a closed infarct-related ar-
tery .
When the heart rate variability was studied according to
the age distribution by decades (Fig . 3), there was a decline
with age in both the control and postinfarction groups and
values were lower in the postinfarction patients .
These results, obtained in 8-min segments of RR inter-
vals, are similar to those measured over a 24-h period during
continuous ECG recording (31,32) . These findings indicate
that parasympathetic nervous activity decreases with age
*Patent versus occluded infarct-related artery (IRA)
. Values presented are mean value ± SD or number (%) of
subjects . HR-ECG = high resolution electrocardiography ; other abbreviations as in Table I .
Table 3. Relation Between Patency of the Infarct-Related Artery and Vagal Tone
(33) and is substantially lower in patients after myocardial
infarction (especially in those with minimal or no antero-
grade flow) than in normal persons of similar age and g9nder
.
Relation of late potentials to variables of vagal nervous
activity (Table 4). High pass filter at 25 Hz . Seventy pa-
tients (40.0%) had positive late potentials on the signal-
averaged ECG . Patients with positive late potentials had a
significantly decreased heart rate variability, measured Ps
the SD of the RR interval (p < 0 .001) and lower power
spectral density in the high frequency bandwidth (p <
0.0001) .
High pass filter at 40 Hz . Seventy-three patients (41 .7%)
had positive late potentials . In those patients with Iin abnor-
mal signal-averaged ECG, the SD of the RR interval was
lower (p < 0 .001) as was the high frequency power (p <
0.0001) .
(1 .9)
	
(2.2)
Values presented are mean value ± SD (50th percentile)
. HRV = heart rate variability ; LF/HF ratio = ratio of
the low to high frequency power
; PSD = power spectral density ; other abbreviations as in Tables 1 and 2 .
AMI Group
Control Group
(n = 62)
Patent IRA
(n = 87)
Occluded IRA
(n = 88) p Value
Mean RR interval (ms) 894 .71 130 .5 875 .7 t 141 .0 814 .2 t 124 .2 < 0 .005
HRV (ms) 29 .9 t 10.0 26.0 1 10 .3 18 .0 t 7 .6 < 0 .0001
PSD 0 .05-0 .15 (ms2lHz) 203 .2 ± 187 .5 117.1 ± 136.9 57 .4 ± 59.9 < 0 .0001
(151 .9) (78 .0) (40
.6)
PSD 0 .15-0 .35 (ms'/Hz) 150.8 ± 154 .8 127 .2 ± 209.8 37 3 ± 54.6 < 0 .0001
(121 .8) (40
.5)
(18 .8)
LFIHF ratio 1 .9 ± 1 .7 2.7±3.2 3.0±2.7 NS
AMI Group
Control Group
(n = 62)
Patent IRA
(n = 87)
Occluded IRA
(n = 88) p Value*
Clinical data
Age (yr)
57 ± H 55 ± 11 9 ± 11 NS
Gender (MIF) 50/12 7819 74114
NS
Diabetes
11(12.6) 11(12 .5) NS
Treatment
Beta-blockers
30(34 .5) 28(31,S) NS
Calcium channel antagonist
14(16.1) 13(14 .8) NS
Thrombolysis 47 (54 .0) 26 (29 .6)
< 0 .002
Infarct location
Anterior
47(54.0) 43(48 .9) NS
Inferior 33(37 .9) 41(46 .5) NS
Lateral 501 253 NS
True posterior
' (2
.3) 2 (2 .3) NS
Time between infarct and HR-rCG (days)
12.8±4.9 1313 .6_6.3 NS
Late potential incidence
25 Hz 19(21 .8)
51(58 .0) * 0AX)l
40 Hz 16(18 .4) 57(64 .8) * 0 .0001
Spectral analysis 16(18,4) 36 (40 .9)
* 0 .02
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HEART RATE VARIABILITY AND INFARCT
Figure 1. Time and frequency domain analyses of heart rate vari-
ability in a representative normal subject (a 53-year old man) . Top
panel, RR interval tachogram (standard deviation of the RR interval
37.0 ms). Middle panel, Spectral analysis . The low frequency
component of the spectrum is 160.6 ms'/Hz, and the high frequency
component is 183.5 ms'/Hz. Bottom panel, Normal signal-averaged
electrocardiogram using a 40-Hz filter. The darkened area
represents the terminal 40 ms of the filtered QRS complex . QRS
duration = 90 ms ; root-mean-square voltage of the signals in the last
40 ms = 45.2 V; duration of low amplitude signals <40 1AV
16 .0 ms ; PSD = power spectral density .
Spectral analysis of the electrocardiogram . Fifty-two
patients (29 .7%) had a high degree of spectral turbulence,
resulting in abnormal scores . As with the time domain late
potentials analysis, these patients showed a greater reduc-
tion in parasympathetic activity than that of patients with a
normal score; however, there was a significant difference
only in the high frequency power (p < 1) .004) .
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Figure 2 . Example of a patient (51-year old man) with acute
myocardial infarction and a closed infarct-related artery . Study
taken without medication . Top panel, RR interval tachogram (stan-
dard deviation of the RR interval 11 .6 ms) . Middle panel, Spectral
analysis . The low frequency component is 14.0 ms'/Hz ; the high
frequency component is 11 .8 ms /Hz. Bottom panel, Visible late
potentials are present using a 40-Hz filter. QRS duration 122 .0 ms ;
root-mean-square voltage of the signals in the last 40 ms 15 .5 /AV ;
Duration of low amplitude signals <40,uV = 39 .0 ms ; PSD = power
spectral density .
Effects of treatment . Even though there was a higher
frequency of patent infarct-miated coronary arteries in pa-
tients who underwent thrombolysis, this treatment had no
significant effect on the indexes of parasympathetic activity ;
heart rate variability was 23.3 ± 10
.9 ms in those with
thrombolytic therapy versus 21 .0 ± 9 .0 ms in those with
conventional treatment, (p - NS).
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Fk~,um
3. Scatterplot of relation between heart rate variability
(HRV) and age (years) for normal control subjects compared with
values
in patients with acute myocardial infarction (AMO . An
inverse significant linear relation is present in both groups . Patients
with acute myocardial infarction showed lower values than control
subjects in all age groups .
Patients who were receiving a beta-blacker at the time of
study had a slower heart rate and a mean RR interval of
876.8 ± 123 .4 compared with 828 .8 ± 139 .6 in patients who
were not receiving a beta-blocker (p < 0 .05). They also
tended to have higher vagal activity : Heart rate variability
was 23.2 ± ! 6 vs. 21 .4 10.0 ms in patients without
beta-blocker treatment (p NS). However, the groups
differed statistically only in high frequency power (99 .3
140.2 vs . 73.4 ± 167.4 ms2!Hz, p < 0 .02) .
There were no significant differences between the patient
groups studied with and without calcium antagonists with
regard to heart rate and parasympathetic activity .
Table 4. Relation Between Late Potentials and Variables of Vagal Nervous Activity
Influence of site of myocardial infarction . No significant
differences in the indexes of parasympathetic activity were
observed according to the site of myocardial infarction .
Effects of thrombolylic and beta-blocker treatment on vagal
activity in relation to patency of the infarct-related coronary
artery (Table S) . Thrombolysis . The results showed a sig-
nificantly higher mean RR interval, heart rate variability and
power spectral density in the high frequency bandwidth in
patients with a patent infarct-related artery whether or not
they had received thrombolytic therapy .
Beta-blocker treatment . Vagal activity was preserved
when
the infarct-related artery .%as open, regardless of
treatment .
Relation between late potentials and patency of the infarct-
related artery with the indexes of vagal activity (Table 6).
High pass filter at 25 hz . Among the patients with positive
late potentials . 51 (72 .8%) had a closed coronary artery .
Patients with coronary artery patency and absence of late
potentials showed better parasympathetic activity, ex-
pressed as a higher heart rate variability (p < OAV) . `File
high frequency power was also significantly higher in
the group with a patent artery without late potentials than in
the group with coronary occlusion .
High pass filter at 40 Hz . When the averaged QRS
complexes were filtered at 40 Hz, 73 patients had positive
late potentials ; among them, 57 (78) had coronary artery
occlusion. The results were similar with this filter .
Spectral analysis . A patent artery was also associated
with a lower incidence of abnormal scores (18 .3% vs .
40.9%). With this method, as well as with the time domain
analysis, the patients without late potentials and a patent
infarct-related artery showed higher parasympathetic activ-
ity than did patients without coronary patency .
Values presented are mean value ± SD (50th percentile)
. HF component = high frequency power (0 .15-0 .35 ms2/
Hz)
; LP- = absence of late potentials; LP+ = presence of late potentials ; other abbreviations as in Tab!= 3
.
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n 0)
Mean RR
Interval (ins) HRV (his)
HF Component
(MOHZ) LFIHF
25-Hz filter
LP- 105 (60.0)
869 .3 :t 143 .1
24.2±9.9
112 .1±188.8 2.7±3.0
(38 .0)
LP+
70 (40 .0)
808 .0 ± I i6.3 18A 8A 36.9±81 .7 3.2±2.9
(16 .8)
p value < 0.005
< 0 .001 < 0.0001 NS
40-Hz filter
LP- 102 (58 .3)
24.4±9.9 107.0±189.3 3.0±3 .3
875 .4
± 143 .3
(34
.7)
LP+
73(41
.7)
801 .9 ± 112 .9 18.7±8.9 47.0±93 .5 2.7±2 .5
(111)
p value
< 0,001 < 0 .001 < 0.0001 NS
Spectral analysis
LP-
12-1 (703) 22 .9 ± 9 .6
91 .9 ± 171 .3
2 .6 ± 2 .7863 .1 ± 132.5
(31 .9)
LP+ 52(29.7) 801 .4 ± 135
.6 19.8±9.9 58.5±123.8 3J ± 15
(15 .0)
p value
< 0 .01 NS
< 0 .004
NS
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Table 5. Effect of Treatment on Veagal Activity in Rellation
to
Patency
of Infarct-Related Artery in
175 Patients
*Comparing values on the lines above and below the p value . Values presented indicate number of patients or
mean value ± SO (50th percentile) . Abbreviations as in Tables 2 to 4
.
Relation between howt rate variability and late potentials
in combination for the prediction of patency of the infarct-
related artery . Because the mean value of the heart rate
variability in the control group was 29 .9 ± 10.0 ms, we
selected < 19.9 ins (f SD) as the cutoff value for reduced
heart rate variability .
Multivariate analysis (Table 7) . To test whether heart rate
variability, presence of late potentials and antecedent thro
'
m-
bolysis in relation to an acute episode had an independent
ability to predict patency of the infarct-related artery, a
multiple logistic regression model was developed that in-
cluded these three variables. Results show that the presence
of late potentials and reduced heart rate variability were the
two main independent variables associated with an occluded
infarct-related artery . With these results, a probability scale
of having an occluded infarct-related artery was developed
according to the presence or absence of each feature (Table
8). As expected, a probability gradient is evident, with the
worst prognosis-an 88,2% probability of an occluded
infarct-related artery-for those patients with the combina-
tion of diminished heart rate variability, presence of late
potentials and no thrombolysis . Conversely, patients with
normal heart rate variability, absence of late potentials and
prevous thrombolysis are less likely (16 .1%) to have an
occluded infarct-related artery . Patients with other combi-
nations of these features have intermediate probabilities
within this range .
HERMOSILLO ET AL
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The results of this analysis suggest that coronary artery
patency, regardless of treatment, is the most important
factor that correlates with a preserved vagal tone after a first
acute myocardial infarction . Reperfusion of the infarct-
related artery, either spontaneous or induced by fibrinolysis,
also reduces the occurrence of late potentials .
Discussion
This study, performed in patients with a first myocardial
infarction, examined the relation among late potentials,
several indexes of parasympathetic activity and patency of
the infarct-related artery . The main result of this study was
that the presence of an occluded infarct-related coronary
artery is associated with both a significant reduction in
parasympathetic activity and a higher incidence of late
potentials .
Influence of myocardial infarction on autonomic innerva-
tion of the heart . The sympathetic nerves are distributed to
the myocardium in superficial epicardial layers, primarily
along coronary artery pathways, and then penetrate the
myocardium (34) . Damage to this region by transmural
myocardial infarction has been documented to abolish sym-
pathetic afferent and efferent responses in myocardium distal
to the infarct in both dogs (35) and humans (36) . Although
the presence of sympathetic denervation followed by dener-
vation sapersensitivity to catecholamines may be related to
N
Mean RR
Interval (m ,,) [IRV (ms,
HF
Component
(MS2 /Hz)
LFHF
Thrombol~sisipatent IRA
Y04es 47 885 .7 ± 141 .3
26.2 ± I1 .I 1432 ± 24 3
.1 ± 3 .8
(33 .6) (2 .0)
P value`
< 0
.02
< 0.05 < 0 .01
NS
Avnk) 2t 83.9 ± 102 .1 18, .1+8
.3 32A ± Wo
3 .3±2.6
(150)
(2
.6)
NojeN 40 963 .9 ± 139.8
25 .7 j 9 .4 107
.6± 153 .1 2 .3±2.2
(45 .8) (1 .7)
I) value*
<, 0
.02 < 4) .
< 0
.002
NS
NoWL) 62 818
.5 ~ 102 18A,7.3 39.4'.61.6 2.8±2
.8
(MM (2 .0)
Beta-blocker!paient IRA
yesayes
30
9119 .I t I
12 ;0
27
.0 1 I0 .0 I48A ± 174 .3
10 ± 2 .1
(55 .R) 0 .11
P value`
< 0 .02 0 .005 < 0 .0l
NS
YeNno 28 834 .9 t- 121 .3
I9 .I 7 .I 46 .4 X52 .3 2.6+25
(26 .8) (1 .7)
NoW 57 854 .4 ! 149 .9 25 .4 10 .4 115 .9 i- 225,5
3 .2 J 3 .6
(33 .4)
(2 .0)
P value : < 0 .02 < 0 .001 < (1.001
NS
No/no 60 804 .5 ± 124 .4 17.5±7.7 33.0±55 .1 11 ± A
(M h (2 .3)
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Table 6.
Relation Between Late Potentials and Patency of the Infarct-Related Artery With the
Indexes of Vagal Activity in 175 Subjects
the onset of spontaneous ventricular tachyarrhythmias dur-
ing the acute ischemic event (37), it does not appear to be
related to sustained ventricular tachycardia induced in an
electrophysiologic study (36)
Recent functional studies of intracardiac neural pathways
indicate that afferent vagal fibers cross the atrioventricular
Table 7. Results of Multiple Logistic Regression Analysis Testing
the Predictive Ability of
Three Selected Variables*
*Model significance : score (3 do = 50.1, p = AWN
; likelihood ratio
(3 do = 55 .1, p = 0.0000. CI = confidence interval
; HRV = heart rate
variability ; LP 40 = late potentials, 40-Hz filter
.
(12 .0) (2 .3)
*Comparing values on the lines above and below the p value . Values presented are mean value ± SD (50th
percentile) . Abbreviations as in Tables 2 to 4 .
(AV) groove in the superficial subepicardium and then
penetrate the myocardium, at which point they are probably
located in the subendocardium, whereas most efferent vagal
fibers en route to the ventricle cross the AV groove within
Table 8. Probability of Having an Occluded Infarct-Related
Artery According to Three Predictive Variables*
Predictive Variable
Probability of
HRV Late Potentials Thrombolysis Occluded IRA
Normal Absent Present 16 .1
Normal Absent Absent 27 .0
Diminished
Absent Present 39 .2
Normal Present Present 53 .7
Diminished Absent Absent 55 .4
Normal Present Absent 69.0
Diminished
Present Present 79.6
Diminished Present Absent 88 .2
*See Appendix . Abbreviations as in Tables 2 and 3 .
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LP+/Patent IRA
No .
Mean RR
Interval (ms)
HRV (ms)
HF Component
(ms'-/Hz) LFJHF
25-Hz filter
No/yes
68
888 .6 ± 142 .0 26.8±10 .0 146.0±221.9
2.6±3.3
(61 .4) (1 .2)
p values
NS
< 0 .001 < 0 .006 NS
No/no
37 833 .7 ± 133.1
19.5±7 .8 49
.7±68 .1 2.7±2.5
(26 .0) (1 .9)
Yes/yes
19 829 .4 ± 127,3
22.9 ± 10.9 59.9 ± 14('.O 3 .2 ± 3 .0
(19 .3)
(2.7)
P value*
NS < 402
NS NS
Yes/no
51 780 .0 ± 111 .0 17
.0±7.3 28.3±39 .8 3.2±- 2 .9
(15 .1) (2.2)
40.Hz filter
No/yes
71 886 .7 ± 145 .8
26.1±°10.2 131.4±217 .3 2 .9!°3 .5
(48 .6) (1 .8)
p value*
NS < 0 .01 < 0.04
No/no
31 849 .4 i- 133 .9 20.3±7.7 50
.9±72 .0 3 .1±°2 .8
(28 .4) (2 .2)
Yes/yes 16 826 .6 ± 104 .6
25.3±10.8 107.9±171 .3 1
.9±1 .5
(32 .7) (1 .9)
p value* NS
<0.05 <0.04 NS
Yes/no 57 795 .0 ± 114 .2
16.8±7.2 29.9±40 .3 2.8±2.7
(15 .7) (1 .9)
Spectral analysis
No/yes 71
881 .8 ± 132 .0 25.9±9.8 .23.4 wt 1,12 .7 2 .5 ± 2 .7
(42 .9) (15)
r value* NS <0.001 <0.01 NS
No/no 52
837 .5 ± 128 .8 18.8±7.7 49.0±66 .4 2.6±
-
2 .5
(24 .4) (1
.9)
Yes/yes 16
848 .3 ± 172 .9 26.3±12 .4 144.2±195.6 3.7±4.5
(31
.7)
(2 .9)
p value , NS <0.01 <0.02 NS
Yes/no 36
780
.5 ± 108
.9 17.0±7.3 20.4±20 .6 3.4±2.9
Coefficient
Odds Ratio
(95% CI)
p
Value
HRV -1 .21
0.30 (0.15-0.60) 0.001
LP 40
1 .80 6
.03
(2
.88-12.62) 0.O01)
Thrombolysis
-0.65 0.52 (0.25-1 .07) 0.07
Constant 0.22
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0.25 to 0 .5 mm of the epicardial surface and dive intranw-
rally at the point in which they are located in the subendocar-
dium (38) . This subendocardial location of vagal nerve
endings may make them more susceptible to damage during,
myocardial infarction .
It is now well recognized that the electrical stability of the
myocardium is dependent on the synergism between both
divisions of the autonomic nervous system . Sympathetic
stimulation is known to reduce ventricular refractoriness and
fibrillation threshold, increasing the; propensity to arrhyth-
mias, whereas parasympathetic discharge opposes these
effects (39) . Myocardial infarction may distort autonomic
interaction through several mechanisms. Local areas of
myocardial denurvation (sympathetic and parasympathetic)
may occur downstream from the myocardial infarction (40),
resulting in local supersensifivity to catecholarnines . Such
autonomic heterogeneity may then predispose to the genesis
of local arrhythmias . Alternatively, the destruction of local
ventricular cliemoreceptors and mechanoreceptors may al-
ter neural feedback to the higher centers, resulting in im-
paired autonomic regulation acrd inappropriate autonomic
tone (particularly excessive sympathetic or impaired vagal
discharge) that may predispose to the genesis of arrhythmias
(37). Conversely, changes in the geometry of the heart
secondary to the presence of a necrotic and roncontracting
segment may increase beyond normal the firitig of sympa-
thetic afferent fibers by mechanical distortion :)f their sen-
sory endings. There is experimental evidence that an in-
crease in cardiac afferent sympathetic acti - ity causes a
decrease in efferent parasympathetic nerve traffic to the
heart (38) .
Several groups (8,41,42) have now documented a tempo-
ral depression of parasympathetic activity in the weeks
immediately after infarction that is coincident with the
period during which the risk of arrhythmic events is highest,
and recent reports (7,8,24,42,43,44) suggest that reduced
indexes of parasympathetic activity, such as heart rate
variability or arterial baroreflex sensitivity, may identify a
subgroup of patients at risk for sudden or arrhythmic death
after myocardial infarction .
Assessment of heart rate variability. Different methods
exist for evaluating heart rate variability . Most are per-
formed using 24-h Hotter ECG recordings (7,8) . In our study
we used short-term (8 min) time and frequency domain
analysis with fast Fourier transform . The equipment utilized
also permitted ECO acquisition of late potentials .
In the first part of our study we found that after myocar-
dial infarction, patients had a reduced heart rate variability,
a decrease in low and high frequency power and a higher
low/high frequency ratio compared with findings in normal
persons . Our results are in agreement with those of previous
studies using 24-h recording periods (31) . Lombardi et al
.
(24) previously studied heart rate variability in patients 2
weeks after myocardial infarction using short-term record-
ings to measure the mean RR interval and RR variance . They
used an autoregressive method to estimate high and low
FFAMOSILLU r'r
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frequency nor
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power. They also found a decrease in
normalized high frequency power but, in contrast to our
findings, low frequency power was increased
. Bigger et al .
(32), over a 24-h FCC recording computed with the use of
fast Fourier transform, found, as vie did, that all components
of the heart rate power spectrum were inarkedl) reduced
after myocardial infarction . Therefore the differences seen
between the results of Lombardi et al . (24) and those of both
our study and that of Bigger et al . are probably not due to the
difference in length of the recordings but are, as suggested by
Bigger a al ., probably attributable to differences in signal
processing (the autoregressive method used by Lombardi
et al . vs. our fast Fourier transform method) .
Another difference between studies is that our patients
were in the supine position during recordings . power-duz et
al . (9) showed that low frequency fluctuations (<0 .12 Hz) in
the supine position are mediated almost entirely by the
parasympathetic nervous system, whereas on standing they
increase aud are jointly mediated by the sympathetic and
parasympathetic nervous systems . In our study all data were
obtained in patients in the recumbent position, therefore the
low frequency component was represented mainly by vagal
activity .
Our study revealed that patients with late potentials
detected by the signal-averaged ECG had a significant re-
duction in heart rate variability as well as of all indexes of
parasympathetic activity . These results add further support
to the work reported by Farrell et al . (8), who showed that
the combination of impaired heart rate variability and late
potentials in survivors of myocardial infarction was a pow-
erful predictor of mortality and a specific marker of arrhyth-
mic events .
Coronary artery patency, uhrombolysis~ late potentials and
heart rate variability . Pre%i,-us studies (18,19,45,46) have
reported the correlation among late potentials, coronary
artery patency and thionibolytic: therapy after myocardial
infarction. Most of these studies found a lower incidence of
late potentials in patients with a patent infarct-related artery .
Our results are in agreement with these findings but also
indicate that, in addition to a high prevalence of late poten-
tials, patients recovering from myocardial infarction have
decreased parasympathetic activity when the infarct-related
coronary artery remains closed . Farrell et al . (8) found no
significant difference in heart rate variability between pa-
tients with or without a patent infarct-related artery . Conse-
quently, they concluded that the use of thrombolytic therapy
did not affect parasympathetic activity after myocardi, I
infarction . The difference between our findings and those cf
Farrell et al. (8) is probably due to the different means ased
to assess heart rate variability . La Rovere et al .
(44) found a
trend for a better preserved baroreflex sensitivity in their
patients with a non-Q wave MYOCaMial infarction that re -
flects an impairment in the vagal efferent
component of the
baroreceptor reflexes and identifies a subgroup
at higher risk
for sudden death .
Casolo et al .
(47) found that howl rate
variability was greater in non-Q wave
than in Q wave acute
JACC Vol. 22, No . 3
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myocardial infarction
. Angiograms of patients with a non-Q
wave myocardial infarction usually show a patent infarct-
related artery (48).
Our data imply that reperfusion of an infarct-related
artery has a beneficial effect on both the electrophysiologic
substrate for serious ventricular arrhythmias, manifested as
decreased incidence of late potentials, and the modulator
factor, expressed as a preserved vagal tone .
Our results appear to confirm the hypothesis that myo-
cardial infarction is associated with autonomic dysfunction
that may be due to increased adrenergic drive or impaired
parasympathetic outflow to the heart, or both . Underlying
the use of thrombolytic therapy is the hypothesis that
reestablishment and maintenance of coronary blood flow
(coronary patency) are the primary mechanisms of therapeu-
tic benefit in patients with acute myocardial infarction .
Reperfusion, whether spontaneous or induced by thrombol-
ysis, could have a favorable impact on a range of clinical
indicators, including left ventricular function and infarct
size, and, through the preservation of parasympathetic ac-
tivity, on myocardial electrical stability. The reduced inci-
dence of late potentials when the infarct-related coronary
artery is patent could be due to a direct effect of reperfusion
on the peri-infarct border zone, which is characterized
anatomically by viable muscle bundles interspersed among
nonconducting fibrotic tissue and functionally by delay and
fragmentation of electrical depolarization that give rise to
late potentials (49) . The character of the endocardi ;tl border
zone may be changed so that delayed conduction is less
likely. These concepts are supported by the work of Sager et
al . (50), who showed that thrombolytic therapy dramatically
improved electrical stability without improving global left
ventricular function . Thus, enhanced electrical stability may
be one mechanism whereby early and complete reperfusion
with thrombolytic therapy reduces mortality .
We agree with Farrell et al . (8) that heart rate variability
in combination with late potentials on the high resolution
ECG provides a simple method for risk stratification . This
dual index specifically identifies a small group of patients at
high risk for arrhythmic events late after infarction because
both components appear to be related to patency of the
infarct-related artery .
Effects of beta-blocker therapy . Denniss et al . (51)
showed that beta-blocking agents have no consistent effect
on late potentials . The results of our study showed a trend
toward an increase in the indexes of vagal activity in patients
receiving beta-blocker therapy. Augmentation of the high
frequency (vagal) component with beta-blockers in patients
with acute myocardial infarction has recently been observed
by others (52,53)
. These preliminary results indicate that
beta-blocker therapy may exert its salutary effect after
myocardial infarction through preservation of parasympa-
thetic activity in addition to the blunting of sympathetic
influence,
Study limitations . This study was prospective, but pa-
tients were not randomized to treatment with or without
thrombolytic agents . However, because recent evidence
demonstrates that thrombolysis reduces the mortality rate in
patients with acute myocardial infarction (13,14), withhold-
ing such therapy for research purposes would be unethical .
Although coronary angiography and high resolution ECG
evaluations were not obtained at similar times, the impact on
the present study is expected to be small because reocclu-
sion after successful thrombolysis usually occurs early (24 to
48 h) after initiation of therapy .
Another potential limitation is that coronary artery pa-
tenry may sometimes be spontaneous in the group of pa-
tients who receive thrombolysis . Furthermore, in some
patients with an open infarct-related artery at angiography,
silent reocclusion at the time the signal-averaged ECG was
recorded would not have been detected . Nevertheless, these
limitations would have weakened, not strengthened, the
correlation between arterial patency and [?,car( rate variabil-
ity .
Finally, our study of heart rate variability was not per-
formed simultaneously with 24-h Holler monitoring ; there-
fore we cannot affirm that one method is comparable to the
other.
Conclusions. The present study indicates that parasym-
pathetic nervous activity is reduced substantially in postin-
farction patients, chiefly in those with a closed infarct-
related coronary artery . Coronary artery patency seems to
be the most important factor that reduces the prevalence of
late potentials and improves the parasympathetic activity of
the heart after a first acute myocardial infarction, whether
this patency is spontaneous it secondary to thrombolysis .
The reduction in mortality observed with thrombolytic ther-
apy may thus be due to enhanced electrical stability .
We suggest that all postinfarction patients undergo an
assessment of autonomic function in combination with a
signal-averaged ECG to identify late potentials . Patients
with late potentials and depressed vagal tone should be
considered at high risk for future arrhythmic events and will
require further investigation, including programmed ventric-
ular stimulation. Specific treatments, such as beta-blocking
drugs, programmed ventricular stimulation-.directed drug
therapy or the implantation of automatic defibrillators, may
then be considered in patients developing sustained ventric-
ular tachycardia in the electrophysiology laboratory .
We thank Fernando Ramos for expert technica4 assistance and Betty Lou
Ch ; nn for able assistance in preparing this manuscript .
Appendix
The multiple logistic regression model allows estimation of the
probability of having an occluded infarct-related artery (28), using
the calculated beta coefficients and the follo ai .,g formula: Estimated
probability of event = L( + e - (j3o + $,x, 1- p2x 2 + 83x,), where e
is the base of natural lugaritt is, and ,( ; are :'ie c .instant and
individual coefficients for each of the x i iniiependent variables .
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